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Case	
  Scenario	
  1	
  
49	
  year	
  old	
  male	
  presents	
  with	
  cough	
  x5	
  months	
  that	
  has	
  
gradually	
  goOen	
  worse.	
  Pa&ent’s	
  cough	
  is	
  produc&ve	
  of	
  
yellow	
  phlegm	
  and	
  has	
  persisted	
  despite	
  OTC	
  cough	
  
remedies.	
  His	
  phlegm	
  has	
  occasionally	
  been	
  blood-­‐&nged	
  
recently.	
  He	
  does	
  not	
  have	
  a	
  stuffy	
  or	
  runny	
  nose	
  or	
  sore	
  
throat.	
  He	
  also	
  reports	
  subjec&ve	
  intermiOent	
  fevers	
  and	
  
feeling	
  poorly.	
  He	
  has	
  some	
  sweats	
  at	
  night	
  when	
  he	
  sleeps	
  
but	
  aOributes	
  this	
  to	
  not	
  having	
  air	
  condi&oning	
  in	
  the	
  
homeless	
  shelter	
  where	
  he	
  stays.	
  He	
  has	
  lost	
  weight	
  but	
  says	
  
this	
  is	
  due	
  to	
  not	
  having	
  consistent	
  meals.	
  He	
  does	
  not	
  feel	
  
short	
  of	
  breath	
  and	
  has	
  been	
  able	
  to	
  con&nue	
  working	
  during	
  
the	
  day	
  selling	
  newspapers.	
  He	
  has	
  otherwise	
  been	
  rela&vely	
  
healthy	
  and	
  does	
  not	
  take	
  any	
  regular	
  medicines.	
  He	
  smokes	
  1	
  
ppd	
  for	
  10	
  years	
  but	
  does	
  not	
  drink	
  or	
  do	
  drugs.	
  No	
  one	
  else	
  
around	
  him	
  has	
  been	
  sick,	
  that	
  he	
  knows	
  of.	
  	
  



Case	
  Scenario	
  1	
  

PE:	
  thin	
  WM	
  in	
  
no	
  distress	
  
Temp:	
  99.6	
  oF;	
  
BP	
  135/72;	
  HR	
  
96;	
  RR	
  20	
  
Physical	
  exam	
  is	
  
normal,	
  
including	
  the	
  
lung	
  exam.	
  
CXR:	
  



Case	
  Scenario	
  1	
  
He	
  does	
  not	
  look	
  too	
  sick	
  and	
  chronic	
  coughs	
  are	
  
common,	
  especially	
  in	
  smokers.	
  What	
  do	
  you	
  do	
  next?	
  

A.	
  This	
  is	
  probably	
  a	
  smoker’s	
  cough.	
  Give	
  him	
  Robitussin	
  
and	
  have	
  him	
  follow-­‐up	
  in	
  1-­‐2	
  weeks	
  if	
  not	
  beOer.	
  

B.	
  This	
  probably	
  started	
  as	
  the	
  common	
  cold	
  that	
  has	
  since	
  
developed	
  into	
  a	
  bacterial	
  infec&on.	
  Give	
  him	
  a	
  Z-­‐pack	
  to	
  
cover	
  the	
  most	
  common	
  bacterial	
  causes	
  and	
  have	
  him	
  
follow-­‐up	
  in	
  1-­‐2	
  weeks	
  if	
  not	
  beOer.	
  

C.	
  This	
  is	
  concerning	
  for	
  ac&ve	
  TB.	
  Send	
  a	
  sputum	
  sample	
  to	
  
the	
  lab	
  to	
  look	
  for	
  TB.	
  Since	
  he	
  does	
  not	
  appear	
  to	
  be	
  too	
  
sick,	
  start	
  empiric	
  TB	
  therapy	
  as	
  an	
  outpa&ent	
  and	
  have	
  
him	
  follow-­‐up	
  in	
  1	
  week.	
  

D.	
  This	
  is	
  concerning	
  for	
  ac&ve	
  TB.	
  Admit	
  him	
  to	
  the	
  hospital	
  
for	
  evalua&on	
  and	
  empiric	
  TB	
  therapy.	
  



Case	
  Scenario	
  2	
  
25	
  year	
  old	
  Asian	
  female	
  immigrated	
  to	
  the	
  US	
  at	
  
age	
  3	
  with	
  her	
  family.	
  She	
  just	
  started	
  her	
  graduate	
  
degree	
  program	
  in	
  microbiology	
  and	
  had	
  a	
  rou&ne	
  
PPD	
  placed	
  on	
  her	
  arm	
  due	
  to	
  her	
  area	
  of	
  research.	
  
It	
  comes	
  back	
  posi&ve	
  at	
  22	
  mm	
  and	
  she	
  is	
  referred	
  
to	
  you	
  for	
  evalua&on.	
  She	
  had	
  never	
  had	
  a	
  PPD	
  test	
  
done	
  before.	
  She	
  reports	
  being	
  otherwise	
  healthy	
  
and	
  is	
  on	
  no	
  medica&ons	
  except	
  for	
  birth	
  control	
  
pills.	
  She	
  reports	
  receiving	
  a	
  BCG	
  vaccina&on	
  as	
  an	
  
infant	
  and	
  aOributes	
  the	
  posi&ve	
  PPD	
  to	
  that.	
  She	
  
has	
  a	
  normal	
  physical	
  exam	
  and	
  her	
  CXR	
  is	
  also	
  
normal.	
  



Case	
  Scenario	
  2	
  

What	
  do	
  you	
  recommend?	
  
A.	
  Her	
  posi&ve	
  PPD	
  is	
  likely	
  due	
  to	
  her	
  previous	
  BCG	
  

vaccina&on	
  and	
  will	
  always	
  be	
  posi&ve.	
  Nothing	
  
further	
  needs	
  to	
  be	
  done.	
  

B.	
  She	
  has	
  latent	
  TB	
  infec&on.	
  Recommend	
  treatment	
  
with	
  isoniazid	
  daily	
  for	
  9	
  months.	
  

C.	
  She	
  has	
  latent	
  TB	
  infec&on.	
  Recommend	
  treatment	
  
with	
  rifampin	
  daily	
  for	
  4	
  months.	
  

D.	
  She	
  has	
  latent	
  TB	
  infec&on.	
  Recommend	
  treatment	
  
with	
  isoniazid/rifapen&ne	
  once	
  weekly	
  for	
  12	
  weeks.	
  



What	
  is	
  TB?	
  
•  Small	
  aerobic	
  bacillus	
  with	
  high	
  lipid	
  content	
  
in	
  cell	
  wall;	
  retains	
  certain	
  stains	
  even	
  aBer	
  
acidic	
  wash,	
  thus	
  “acid-­‐fast”	
  
– Ziehl-­‐Neelsen	
  stain	
  
– Auramine-­‐rhodamine	
  stain	
  	
  
with	
  fluorescence	
  microscopy	
  



History	
  of	
  TB	
  
•  TB	
  has	
  been	
  around	
  for	
  thousands	
  of	
  
years	
  and	
  known	
  as	
  consump&on,	
  
was&ng	
  disease,	
  white	
  plague	
  

•  Believed	
  to	
  be	
  hereditary	
  un&l	
  1865,	
  
when	
  Jean-­‐Antoine	
  Villemin	
  
demonstrated	
  TB	
  infec&ous	
  by	
  
transmijng	
  from	
  humans	
  to	
  rabbits,	
  
caOle	
  to	
  rabbits,	
  and	
  rabbits	
  to	
  rabbits	
  

•  In	
  1882,	
  Robert	
  Koch	
  iden&fied	
  the	
  
Mycobacterium	
  tuberculosis	
  bacterium;	
  
won	
  1905	
  Nobel	
  Prize	
  in	
  Physiology	
  and	
  
Medicine	
  for	
  his	
  work	
  

Wikipedia.	
  



History	
  of	
  TB	
  
•  Before	
  1940s,	
  no	
  treatment	
  available	
  
•  Pa&ents	
  sent	
  to	
  sanatoria	
  for	
  “treatment”	
  with	
  

bed	
  rest,	
  good	
  nutri&on,	
  fresh	
  air,	
  sunshine	
  
•  Edward	
  Livingstone	
  Trudeau	
  (1848-­‐1915)	
  

opened	
  first	
  sanitarium	
  in	
  US	
  
–  When	
  19,	
  watched	
  older	
  brother	
  die	
  of	
  TB	
  
–  1	
  year	
  aBer	
  med	
  school,	
  contracted	
  TB;	
  went	
  to	
  

favorite	
  resort	
  in	
  Adirondacks	
  to	
  die	
  but	
  instead	
  
slowly	
  regained	
  strength	
  

–  Believed	
  improvement	
  due	
  to	
  healthy	
  diet,	
  
outdoor	
  exercise;	
  belief	
  confirmed	
  by	
  
experiments	
  in	
  tubercular	
  rabbits	
  

–  Established	
  Adirondack	
  CoOage	
  Sanitarium	
  in	
  
1885	
  

University	
  of	
  Virginia.	
  Historical	
  Collec&ons	
  at	
  the	
  Claude	
  Moore	
  Health	
  
Sciences	
  Library.	
  hOp://exhibits.hsl.virginia.edu/alav/tuberculosis/.	
  	
  
Wikipedia.	
  



History	
  of	
  TB	
  
•  Public	
  health	
  campaigns	
  by	
  the	
  Red	
  Cross	
  and	
  the	
  
American	
  Lung	
  Associa&on	
  

University	
  of	
  Virginia.	
  Historical	
  Collec&ons	
  at	
  the	
  Claude	
  Moore	
  Health	
  Sciences	
  Library.	
  hOp://exhibits.hsl.virginia.edu/alav/tuberculosis/.	
  	
  
NIH,	
  Na&onal	
  Library	
  of	
  Medicine,	
  Visual	
  Culture	
  and	
  Public	
  Health	
  Posters.	
  hOp://www.nlm.nih.gov/exhibi&on/visualculture/tuberculosis.html	
  	
  



Brosch R et al. PNAS 2002;99:3684-3689 



	
  Nature	
  Gene&cs	
  
	
  	
  45,	
  1176–1182	
  (2013)	
  
	
  	
  doi:10.1038/ng.2744	
  



KI Bos et al. Nature 000, 1-4 (2014) doi:10.1038/nature13591 



TB	
  Treatment	
  
•  An&-­‐TB	
  drugs	
  discovered	
  beginning	
  in	
  1940s	
  

–  1943:	
  streptomycin	
  
–  1943-­‐1952:	
  isoniazid,	
  p-­‐aminosalicylic	
  acid	
  (PAS)	
  

•  Sanitaria	
  became	
  obsolete	
  and	
  most	
  closed	
  by	
  1970s	
  
•  But	
  TB	
  resurgence	
  in	
  1980s	
  due	
  to	
  complacency,	
  
reduced	
  funding,	
  increased	
  immigra&on,	
  HIV	
  epidemic,	
  
spread	
  of	
  MDR-­‐TB	
  



Reported TB Cases  
United States, 1982–2013*	
  

*Updated	
  as	
  of	
  June	
  11,	
  2014.	
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Year	
   No.	
   Rate*	
  

2008	
   12,893	
   4.2	
  

2009	
   11,519	
   3.8	
  

2010	
   11,164	
   3.6	
  

2011	
   10,509	
   3.4	
  

2012	
   9,940	
   3.2	
  

2013	
   9,582	
   3.0	
  

*Cases	
  per	
  100,000.	
  Updated	
  as	
  of	
  June	
  11,	
  2014.	
  

TB	
  Morbidity	
  
United	
  States,	
  2008–2013	
  

Canada	
   5	
  

UK	
   13	
  

China	
   70	
  

Russia	
   89	
  

S.	
  Korea	
   97	
  

India	
   171	
  

S.	
  Africa	
   860	
  

Swaziland	
   1380	
  



TB	
  Case	
  Rates,*	
  United	
  States,	
  2013	
  

*Cases	
  per	
  100,000.	
  

<	
  3.0	
  (2013	
  na&onal	
  average)	
  
>3.0	
  

D.C.	
  



Number of TB Cases in 
U.S.-born vs. Foreign-born Persons,   

United States, 1993–2013*	
  

*Updated	
  as	
  of	
  June	
  11,	
  2014.	
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TB	
  Case	
  Rates	
  in	
  U.S.-­‐born	
  vs.	
  Foreign-­‐born	
  Persons,	
  
United	
  States,	
  1993	
  –	
  2013*	
  

*Updated	
  as	
  of	
  June	
  11,	
  2014.	
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Global	
  Epidemiology	
  

•  Es&mated	
  1/3	
  global	
  popula&on	
  infected	
  with	
  TB	
  
•  2013:	
  	
  

–  Es&mated	
  9M	
  new	
  cases	
  TB;	
  13%	
  co-­‐infected	
  with	
  HIV	
  
–  1.5M	
  deaths	
  from	
  TB	
  
–  Extreme	
  global	
  dispari&es	
  in	
  disease	
  burden	
  

•  India	
  24%,	
  China	
  11%	
  of	
  global	
  TB	
  burden	
  
•  Africa:	
  25%	
  global	
  burden;	
  highest	
  rate	
  of	
  infec&ons	
  and	
  
deaths	
  per	
  capita;	
  80%	
  of	
  HIV-­‐TB	
  co-­‐infected	
  cases	
  

•  Overall	
  global	
  TB	
  incidence	
  and	
  mortality	
  rates	
  
declining	
  but	
  MDR-­‐TB	
  rates	
  increasing	
  

WHO.	
  Global	
  Tuberculosis	
  Report	
  2014.	
  



Global	
  Epidemiology	
  

WHO.	
  Global	
  Tuberculosis	
  Report	
  2014.	
  







	
  Nature	
  Gene&cs	
  (2015)	
  
	
  	
  	
  	
  doi:10.1038/ng.3195	
  



Global	
  Epidemiology:	
  Drug	
  Resistance	
  

•  Mul&drug-­‐resistant	
  (MDR)	
  TB:	
  TB	
  resistant	
  to	
  both	
  isoniazid	
  and	
  
rifampin	
  

•  Overall	
  treatment	
  success	
  rate	
  86%	
  among	
  new	
  cases	
  and	
  48%	
  in	
  
MDR-­‐TB	
  cases	
  

•  Treatment	
  requires	
  use	
  of	
  less	
  effec&ve	
  and	
  more	
  toxic	
  drugs,	
  
extending	
  treatment	
  dura&on	
  from	
  6	
  months	
  to	
  about	
  2	
  years	
  

•  2013:	
  Es&mated	
  480,000	
  new	
  MDR-­‐TB	
  cases	
  with	
  210,000	
  deaths	
  
•  Rates	
  of	
  MDR-­‐TB	
  increasing	
  

–  3.5%	
  new	
  cases,	
  20.5%	
  previously	
  treated	
  cases	
  
–  India,	
  China,	
  Russia:	
  >50%	
  global	
  MDR-­‐TB	
  burden	
  
–  Es&mated	
  9%	
  of	
  MDR-­‐TB	
  cases	
  also	
  XDR-­‐TB	
  

•  Extensively	
  drug-­‐resistant	
  (XDR)	
  TB:	
  MDR-­‐TB	
  also	
  resistant	
  to	
  
fluoroquinolones	
  and	
  2nd-­‐line	
  injectable	
  agents;	
  very	
  high	
  rate	
  of	
  
mortality	
  and	
  associated	
  with	
  late	
  stage	
  HIV	
  infec&on	
  

WHO.	
  Global	
  Tuberculosis	
  Report	
  2014.	
  



(14.4%)	
  
(3.4%)	
  

Median	
  CD4	
  63	
  
	
  range	
  9-­‐283	
  

•  52/53	
  (98%)	
  XDR	
  TB	
  pa&ents	
  died	
  
•  Among	
  42	
  with	
  confirmed	
  dates	
  of	
  death,	
  
median	
  survival	
  16d	
  (IQR	
  6-­‐37)	
  

•  About	
  70%	
  died	
  within	
  30d	
  of	
  sputum	
  
culture	
  collec&on	
  

XDR:	
  
Resistant	
  
to	
  INH,	
  	
  
RIF,	
  	
  
FQ,	
  
injectable	
  



Emerg	
  Health	
  Threats	
  J.	
  2013	
  Jul	
  
3;6:20632.	
  doi:	
  10.3402/ehtj.v6i0.20632	
  



Pathogenesis	
  
•  Causes	
  granulomatous	
  inflammatory	
  process	
  due	
  to	
  

macrophages,	
  lymphocytes,	
  and	
  fibroblasts	
  recruited	
  to	
  
site	
  of	
  infec&on	
  
–  Bacteria	
  in	
  granuloma	
  may	
  become	
  dormant	
  (latent)	
  
–  Granuloma	
  may	
  have	
  caseous	
  necrosis	
  in	
  center	
  

•  Once	
  latently	
  infected,	
  about	
  10%	
  life&me	
  risk	
  of	
  
developing	
  ac&ve	
  TB	
  
–  About	
  5%	
  over	
  ini&al	
  2	
  years	
  post	
  infec&on	
  
–  About	
  5%	
  over	
  remaining	
  life&me	
  

•  If	
  co-­‐infected	
  with	
  HIV,	
  about	
  10%	
  risk	
  of	
  ac&va&on	
  each	
  
year	
  

•  Infec&on	
  may	
  spread	
  via	
  bloodstream	
  (miliary);	
  more	
  
common	
  in	
  young	
  children	
  and	
  immunocompromised	
  

•  Infec&on	
  naturally	
  waxes	
  and	
  wanes	
  



Infect	
  Immun.	
  2009	
  Oct;	
  77(10):	
  4631–4642.	
  	
  

Nature	
  Reviews	
  Microbiology	
  2009	
  Dec	
  7,	
  	
  
	
  845-­‐855.	
  



Diagnosis:	
  Purified	
  Protein	
  Deriva&ve	
  
(PPD)	
  

•  Mantoux	
  
tuberculin	
  skin	
  test	
  
–  5	
  tuberculin	
  units	
  
(0.1	
  ml)	
  of	
  PPD	
  
tuberculin	
  
injected	
  
intradermally	
  

–  Test	
  is	
  not	
  specific	
  
for	
  M.	
  tb	
  

MMWR	
  June	
  9,	
  2000	
  



Diagnosis:	
  IGRA	
  
•  Interferon-­‐gamma	
  release	
  assay	
  (IGRA)	
  

–  T-­‐lymphocytes	
  sensi&zed	
  to	
  specific	
  an&gens	
  release	
  IFN-­‐γ	
  when	
  
presented	
  with	
  an&gen	
  again	
  

–  Measures	
  IFN-­‐γ	
  response	
  from	
  T-­‐lymphocytes	
  to	
  M.	
  tb	
  an&gens	
  
(ESAT-­‐6,	
  CFP-­‐10)	
  

–  Assay	
  not	
  affected	
  by	
  BCG	
  but	
  M.	
  kansasii,	
  M.	
  szulgai,	
  M.	
  
marinum	
  also	
  contain	
  ESAT-­‐6/CFP-­‐10	
  

–  Cannot	
  dis&nguish	
  ac&ve	
  from	
  latent	
  disease;	
  cannot	
  rule	
  out	
  
ac&ve	
  TB	
  

–  Blood	
  samples	
  must	
  be	
  processed	
  fresh	
  (8-­‐16	
  hrs)	
  



Diagnosis:	
  IGRA	
  
•  T-­‐SPOT.TB	
  

–  PBMCs	
  isolated,	
  added	
  to	
  4	
  pre-­‐coated	
  wells	
  (Nil,	
  ESAT-­‐6,	
  
CFP-­‐10,	
  mitogen),	
  incubated	
  O/N	
  

•  Nil:	
  nega&ve	
  control	
  tube	
  containing	
  no	
  Ag;	
  measures	
  baseline	
  IFN-­‐γ	


•  Ag:	
  ESAT-­‐6,	
  CFP-­‐10	
  
•  Mitogen:	
  nonspecific	
  IFN-­‐γ	
  s&mulant;	
  posi&ve	
  control	
  

–  ELISpot	
  assay	
  used	
  to	
  detect	
  number	
  of	
  cells	
  secre&ng	
  IFN-­‐γ	
  in	
  
each	
  well	
  

–  TB	
  response	
  =	
  No.	
  spotsAg	
  –	
  No.	
  spotsNil	
  

MMWR	
  June	
  25,	
  2010	
  



Diagnosis:	
  IGRA	
  

•  Quan&FERON-­‐TB	
  Gold	
  In-­‐Tube	
  (QFT-­‐GIT)	
  Assay	
  
–  Blood	
  collected	
  in	
  3	
  heparinized	
  tubes:	
  

•  Nil:	
  nega&ve	
  control	
  tube	
  containing	
  no	
  Ag;	
  measures	
  baseline	
  IFN-­‐γ	


•  Ag:	
  contains	
  ESAT-­‐6,	
  CFP-­‐10,	
  TB7.7	
  
•  Mitogen:	
  nonspecific	
  IFN-­‐γ	
  s&mulant;	
  posi&ve	
  control	
  

–  Tubes	
  incubated	
  16-­‐24	
  hrs;	
  IFN-­‐γ	
  levels	
  measured	
  
–  TB	
  response	
  =	
  IFN-­‐γAg	
  –	
  IFN-­‐γNil	
  

MMWR	
  June	
  25,	
  2010	
  



MMWR	
  June	
  9,	
  2000	
  

Latent	
  TB	
  
Treatment	
  



CDC	
  MMWR	
  Dec	
  9,	
  2011	
  

•  Weekly	
  INH	
  +	
  rifapen&ne	
  by	
  DOT	
  for	
  3	
  months	
  
considered	
  equal	
  alterna&ve	
  to	
  INH	
  x	
  9	
  months	
  self	
  
administered	
  

•  For	
  use	
  in	
  pa&ents…	
  
–  Age	
  ≥12	
  
–  High	
  risk	
  LTBI	
  (close	
  contact)	
  
–  HIV	
  if	
  healthy,	
  not	
  on	
  ARVS	
  

•  Not	
  recommended	
  for…	
  
–  Age	
  ≤2	
  
–  HIV	
  on	
  ARVs	
  
–  LTBI	
  with	
  contact	
  to	
  INH	
  or	
  RIF	
  resistant	
  index	
  case	
  



TB	
  Treatment:	
  Drug	
  Sensi&ve	
  

•  Intensive	
  Phase:	
  isoniazid,	
  rifampin,	
  pyrazinamide,	
  
ethambutol	
  (plus	
  pyridoxine);	
  (RIPE,	
  HRZE)	
  
–  Dura&on:	
  8	
  weeks	
  (2	
  months);	
  based	
  on	
  doses	
  observed	
  
(DOT)	
  

–  Ethambutol	
  discon&nued	
  if	
  drug	
  suscep&ble	
  
•  Con&nua&on	
  Phase:	
  isoniazid,	
  rifampin	
  

–  Dura&on:	
  generally	
  4	
  months;	
  based	
  on	
  doses	
  observed	
  
(DOT)	
  

–  Dosing	
  can	
  be	
  daily,	
  3x/week,	
  or	
  2x/week	
  
–  Dura&on	
  may	
  be	
  extended	
  to	
  7	
  months	
  if	
  cavitary	
  disease	
  
and/or	
  s&ll	
  sputum	
  culture	
  posi&ve	
  at	
  2	
  months	
  



Medica&on	
  Side	
  Effects:	
  1st	
  Line	
  

•  Isoniazid:	
  hepatotoxicity	
  (esp.	
  transaminases),	
  rash,	
  
peripheral	
  neuropathy,	
  drug-­‐induced	
  lupus	
  

•  Rifampin:	
  hepatotoxicity	
  (esp.	
  elevated	
  bilirubin),	
  
rash,	
  thrombocytopenia,	
  orange-­‐red	
  discolora&on	
  of	
  
body	
  fluids,	
  renal	
  failure;	
  cau&on	
  drug	
  interac&ons	
  

•  Pyrazinamide:	
  hepatotoxicity,	
  elevated	
  uric	
  acid,	
  
gout	
  

•  Ethambutol:	
  loss	
  of	
  visual	
  acuity/color	
  
discrimina&on;	
  peripheral	
  neuropathy	
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Xpert	
  MTB/RIF	
  



GeneXpert	
  Global	
  Scale-­‐up	
  

WHO.	
  Global	
  Tuberculosis	
  Report	
  2014.	
  

3269	
  machines	
  procured	
  by	
  108/145	
  countries	
  eligible	
  for	
  concessional	
  prices	
  



GeneXpert	
  Global	
  Scale-­‐up	
  

WHO.	
  Global	
  Tuberculosis	
  Report	
  2014.	
  

7.5	
  million	
  cartridges	
  procured	
  by	
  108/145	
  countries	
  eligible	
  for	
  concessional	
  prices	
  



MDR-­‐TB	
  Treatment	
  

Zumla,	
  et	
  al.	
  NEJM	
  2013;368:745-­‐55.	
  



MDR-­‐TB	
  Treatment	
  

Zumla,	
  et	
  al.	
  NEJM	
  2013;368:745-­‐55.	
  



TB	
  Drug	
  Pipeline	
  

WHO.	
  Global	
  Tuberculosis	
  Report	
  2014.	
  





Par$cipants	
  at	
  today’s	
  CEO	
  Roundtable	
  event	
  at	
  the	
  Royal	
  College	
  of	
  
Physicians	
  include:	
  
	
  

	
  Dr.	
  Margaret	
  Chan,	
  Director-­‐General,	
  World	
  
	
   	
   	
  Health	
  Organiza&on	
  

	
  	
  	
  	
   	
  Bill	
  Gates,	
  Co-­‐Chair,	
  Bill	
  &	
  Melinda	
  Gates	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  

Founda&on	
  

	
  Dr.	
  Jörg	
  Reinhardt,	
  Chairman	
  of	
  the	
  Board	
  of	
   	
   	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Management,	
  Bayer	
  HealthCare	
  AG	
  

	
  	
  	
  	
   	
  Lamberto	
  Andreo[,	
  Chief	
  Execu&ve	
  Officer,	
   	
   	
  

	
  	
  	
  	
  	
  	
  	
  Bristol-­‐Myers	
  Squibb	
  
	
  	
  	
  	
   	
  Haruo	
  Naito,	
  President	
  and	
  CEO,	
  Eisai	
  

	
  	
  	
  	
   	
  Sir	
  Andrew	
  Wi^y,	
  Chief	
  Execu&ve	
  Officer,	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  

GlaxoSmithKline	
  

	
  	
  	
  	
   	
  William	
  Weldon,	
  Chief	
  Execu&ve	
  Officer,	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  
Johnson	
  &	
  Johnson	
  

	
  	
  	
  	
   	
  Kenneth	
  Frazier,	
  Chairman	
  of	
  the	
  Board,	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  

President	
  and	
  Chief	
  Execu&ve	
  Officer,	
  MSD	
  

	
  	
  	
  	
   	
  Dr.	
  Stefan	
  Oschmann,	
  Execu&ve	
  Board	
  member,	
   	
   	
  	
  	
  	
  	
  	
  	
  
Merck	
  KGaA	
  

	
  Joseph	
  Jimenez,	
  Chief	
  Execu&ve	
  Officer,	
  Novar&s	
  

	
  	
  	
  	
   	
  Christopher	
  A.	
  Viehbacher,	
  Chief	
  Execu&ve	
  	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  
Officer,	
  Sanofi	
  

	
  	
  	
  	
   	
  Paul	
  Carter,	
  Senior	
  Vice-­‐President,	
  Gilead	
  



The	
  TBDA	
  is	
  a	
  groundbreaking	
  partnership	
  between	
  eight	
  
pharmaceuccal	
  companies,	
  seven	
  research	
  insctucons,	
  and	
  a	
  product	
  
development	
  partnership	
  that	
  seeks	
  to	
  develop	
  a	
  new	
  TB	
  drug	
  regimen	
  

through	
  collaboracon	
  in	
  early-­‐stage	
  drug	
  discovery	
  research.	
  
	
  

What is the TB Drug Accelerator? 

Note: MSD operates as Merck in the US and Canada 



How the TBDA Works:  
Bringing Compounds from Library to Development 

Company	
  
Compound	
  
Libraries	
  

new	
  	
  
preclinical	
  	
  	
  
candidates	
  

2018	
  

1	
  month,	
  	
  
3-­‐drug	
  regimen	
  
proof	
  of	
  concept	
  

2024	
  
Hit	
  &	
  Lead	
  

	
  	
  Opcmizacon	
  

Hit Generation 

Target Identification 

Collaboracve	
  
Discovery	
  	
  
Research	
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Bayer	
  

Merck	
  

MMV	
  

AZ	
  

DuPont	
  

GNF	
  

Pfizer	
  

Dundee	
  

EISAI	
  

Glucose-­‐glycerol-­‐tween	
  
Glucose	
  
Cholesterol	
  
DPPC	
  
butyrate,	
  pH=6.0,	
  0.1mM	
  NO2-­‐	
  

Grand	
  total	
  plates	
   15623
Grand	
  total	
  wells 5587744



HTS Hit 

Request for analogs 

600 related structures 
from 7 companies 

Request for profiling 

Kinetic/Thermodynamic solubility (GSK) 
Microsomal Stability (Abbvie) 
Hepatic Clearance (Abbvie) 
Cytochrome P-450 Inh/Sub (Abbvie) 
Plasma Protein Binding (GSK) 
POPK (AstraZeneca) 
AMES mutagenicity testing (GSK) 
hERG Activity (Abbvie) 
In silico toxicity flags (multiple companies) 
Promiscuous target profile (several companies) 

Pre-TBDA: 5 FTE/ 5 years 
TBDA: < 6mo 

Currently have 3200 hit compounds across 150 distinct chemical series. 

N
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ReMOX:	
  





Common	
  marmoset	
  
Callithrix	
  jacchus	
  

Adult	
  weight:	
  250-­‐350g	
  
Twinning	
  rate:	
  80%	
  
Cmpd	
  Rqrmnt:	
  3g	
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TB	
  Vaccine:	
  BCG	
  

•  Bacille	
  CalmeOe-­‐Guérin:	
  	
  
– TB	
  vaccine	
  ini&ally	
  developed	
  in	
  1921;	
  based	
  on	
  
aOenuated	
  Mycobacterium	
  bovis	
  	
  

– Overall	
  protec&ve	
  effect	
  and	
  dura&on	
  variable	
  to	
  
none,	
  par&cularly	
  for	
  pulmonary	
  TB	
  

– Protec&ve	
  against	
  disseminated	
  TB	
  (meningi&s,	
  
miliary	
  TB)	
  in	
  children	
  

– Cross-­‐reacts	
  with	
  PPD	
  TB	
  skin	
  test	
  
•  Current	
  vaccines	
  in	
  clinical	
  trials:	
  either	
  boost	
  
or	
  replace	
  BCG	
  



TB	
  Vaccines	
  

WHO.	
  Global	
  Tuberculosis	
  Report	
  2014.	
  



MVA85A	
  

•  Designed	
  to	
  
boost	
  BCG	
  
efficacy	
  

•  Double-­‐blind,	
  
randomized,	
  
placebo-­‐
controlled	
  trial	
  
from	
  
7/2009-­‐5/2011	
  

•  2797	
  infants	
  
previously	
  
received	
  BCG	
  
enrolled	
  in	
  Cape	
  
Town,	
  SA	
  





Conclusions	
  
•  Despite	
  small	
  numbers	
  of	
  cases	
  in	
  the	
  US,	
  TB	
  remains	
  a	
  significant	
  

cause	
  of	
  global	
  public	
  health	
  morbidity	
  and	
  mortality	
  
•  Although	
  TB	
  rates	
  in	
  the	
  US	
  and	
  globally	
  have	
  declined	
  (except	
  for	
  

rates	
  of	
  MDR-­‐TB)	
  due	
  to	
  effec&ve	
  drugs	
  developed	
  during	
  the	
  20th	
  
century,	
  we	
  are	
  not	
  on	
  target	
  to	
  achieve	
  the	
  MDG	
  goal	
  of	
  
eradica&on	
  by	
  2050	
  

•  Infec&on	
  is	
  a	
  spectrum	
  from	
  immune	
  clearance	
  of	
  disease	
  to	
  latent,	
  
subclinical,	
  and	
  ac&ve	
  disease;	
  current	
  diagnos&c	
  methods	
  cannot	
  
differen&ate	
  between	
  these	
  states	
  

•  Diagnos&c	
  methods	
  include	
  PPD,	
  IGRA,	
  and	
  GeneXpert	
  
•  Treatment	
  recommenda&ons	
  for	
  latent	
  and	
  ac&ve	
  disease	
  have	
  not	
  

changed	
  significantly	
  since	
  2000	
  
•  Ac&ve	
  research	
  is	
  ongoing	
  to	
  develop	
  improved	
  animal	
  models	
  for	
  

TB,	
  beOer	
  diagnos&c	
  methods,	
  new	
  drugs	
  and	
  drug	
  regimens	
  to	
  
shorten	
  treatment	
  dura&on,	
  and	
  more	
  protec&ve	
  vaccines	
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Division	
  of	
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  Founda$on	
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